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ABSTRACT . 
Though previous studies had suggested a link. betiveen 
the — of concept learning and instructional- formats ‘in which, 

s instances of concepts were held constant or grouped together, .a “1964 ig 
study by Richard Anderson questioned the conclusion,: suggesting that’. 
previous studies had been confounded by other irrelevant attributes 
that changed from trial to trial. The study was replicated | to test. 
‘certain anomalies. Via video screen, 50 undergraduate volunteers were 
delivered stimuli consisting of seven attributes: number, color, 
form, shading, vertical or horizontal bar, border, and field 
orientation.. Subjeéts were given five tasks involving the learning of 
one pair of Concepts. Five treatments differed in terms pf the 
sequence of stimuli used to present the training. Results showea 
that: (1) when adjacent trials contained the same relevant cue, 
learning was maximized; and (2) the effects of alternate and constant* 
series are, conditional upon the. number of hae attributes that 
change, fron trial to trial. (EMH) : 1 
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Two studies (Kurtz & Hovland, 1956; Peterson, 1962) have: seemed to 
indicate that rate of learning. of a concept is accelerated when the instances 
of the concept are grouped together, that is to say, when the stimuli 

. b ’ 


oO the same relevant cue are ‘presented on adjacent triels,. Anderson 
ec a> 3 
(1964) questioned the conclusion that grouped or constant series are superior . 
; ; x . 
i lia , Pi dy at ; Ke 
to mixed series on the grounds that the method of composing series in these 


studies may have confounded type of series with the number of irrelevant . 


“attributes that changed from trial to trial, another variable that may effect 
“rate of leaping, re. . ’ . 
Detanmbel and Stolurow (1986, p. 40), have proposed that to maximize rate 
of learning: "(a)} When the same relevant cue is presented on adjacent 

‘ trials, as nitty as possible-of the irrelevant stimulus components should have 
| ditterent-va1des on the two trials, (b) When two different relevant cues are 
te prehented on adjacent trinae, as many as possible of the -irrelevant stimulus 
2 components should be kept constant,” Detambel and Stolurow conducted a study 

‘tn which a sequence composed according to the two rules ment joned in the 

\ ¥ 


quotation was contrasted with a sequence composed ‘according to the inverse 


4 
, 


of these rules; namely, a sequence in which as many as possible of the 
irrelevant attributes were ‘held#constant when successive stimuli contained 
the same relevant cue and in which as aany as possible of the irrelevant’ 


attributes were changed when successive stimuli contained different relevant 


3 


cues. The result was a 2 derthing superiority for the sequence: 2 fonstructes or Oey, ae 
’ 5 

according to the rules on both the training series and test series in ise , = 
Fe . 


which the training stimuti were preg ntod gandomly. 
It appears the mixed series in the’ Peterson study and, probably, the 
j mixed series in the Kurtz & Hovland nie ag well, approximated rather closely 


the "bad" series in the Detatibel & seatarow study, In these studies, the 
pr ey was ‘high that a sarge proportion of he irrelevant attributes 
of i ines one trial ‘to the next in both the mixed series and the croured 
mextag, a condition cha SEeers to. coteea learning. ss cd former kind of 
a ~ series but hail it in the latter, a 


‘the firat wxce Pinan’ (Anderson; ’ 1964) were to disentangle type of eh 
‘series from number of stindfus attributes chay ging feck trial to trial. There 
were five experimental groups administe: d tre nts* that differed séialy in 


terms of the sequence of stimuli presented during ua ee trials, 3 eo e 


’ 


. Subjects. were trained and testeg sndivfad§niy,, each: subject learning ongfpatr 
in ; of concepts tnvoiving’a single relevant” attribute and ‘tour irrelevant 


attributes, Sibjects in two, of the = received alternating nerins for < Pak 5 


six trials; that is a series in. witch one ‘relevagt cue appeared on trials i OS 


‘4 


3 and’ 5 white a different relevent cue appeared on trials 2, 4 snd 6. sunjects , 


a ii plage groups received Sonstint reining séries; ‘that, ia, series in M 


j 
; . a 


hich the same relévant cue appeared dn the, stimulus configuration presented - ; " 
° ’ 4 - owe re es i me 
‘gi P< . on each of the .six ‘trials, “The remaining Laue was a contrél, receiving six js 3 


a4 See: A ; Xs 


‘Tandonly-selectéd ctimntire Soubigutapicae on the six training trtats; 


‘ 


ms 


.Within one of the groups receiving alternating serie (Group Al) and one of 
: ; ‘ \ j oD . 
Ga lee & the: groups’ receiving constant series (Group Cl) exactly one stimulus attribute a) 
. ry " : Dy ‘ t Bs 


Sianipad: between any pair of aaierent training trials, Poe one a presented 


* an alternating series (Group ‘A3) and one group seinen constant aie lal , rae 
ra é f i * > 
“(ros 3) exactly three aftribates changed from one! tril Po the next .. ae ~ 


Though the namber of attributes c changing was exes sen attributes’ niaved’. : 5 


ee a» determin d at random (with a bE Souple of. constraints) for, aes .trial, <' 


if independently of the other trials, Immediately’ following the ix ‘training 


oo. 


trials,*§ received test tria#¥ consisting of stimuli ‘selected at random until’ 


he made. 10 consecutive’ ‘correct responses or completed 80 triais, ; ” t 


The main result of the-first experiment was the significant interaction 


for both training trials (F om 14.73, df = 1/100, P < .01) and test trials x 
(F = 7.35, df = 1/100, P < .01), between type of series and number of ee 
4 attributes changing from trial to trial, As predicted, in alternating series 
i 8 es 4 : \ : 


the. condition in which just one stimulus attribute (the relevant attribute) 
changed was more efficientgthan the condition in which three attributes changed 
/- f si : 


‘from trial to tr#al, In constgat series, the condition in which three attributes “ 
changed’ was more efficient than the condition in oe one attribute ~~ Ne Sy 
“changed, - "ti f , / : ne “« 
E ad - \ ee ° ‘ 
Soa a The purp of the.experiment described in this report was to replicate _ 
cE “the first study, with a few changes to investigate a couple of anomalies, » 
. e \ ; : 2 . P 
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Method 


ra J o * 
‘ ; i z. 


; ‘Apparatus. == /The apparatus was a computer-based ‘system called SOCRATES 


(System for Organizing Content to Review And Teach Educational Subjects) 4 


that consists of an IBM 1620 computer, an IBM 1710 control unit, and modified 


; “U. 8. Industries AutoTutors as subject etetigna.” The ‘3 sat ina cubicle with: 


v 


the satotuves in front of him with the /center. of. the main DERERIEDS: screen 
4 a 


abpriesinetens at eye wd 20. Anches away’, “The « stimuli i instructions were 


presented on ‘the main’Au Tutor ‘screen which was * x9. iriches, To the right 


hoa ‘ . 


of the main screen were three, buttons abe let. axe - ty! and aa inches © F 


fore 


below a Button labeled "proceed! . Inmediataiy above the X ‘and Y button there 


was a smell screen a- 1/2 x 2 An, ., pon which the words Right and + Mrong 


. 


¢ 


could be flahsed, 2% wm, > oe SEF 
+ ( 


ws ite : t 


“stimulus Materials, as The stimui were drawn originally fron templates on 


3 x 5 in, file cards: and then, afong. with the instructions, - placed oe 35 mm, 


~ * 


. bdint film, As they~appeared on ‘the Suroyuros sat each of the stimuli was 


* 


- ’ 


. centered and was conta fhed © witht a 2- 172 x a v2 in, FODLADELS There were 


‘seven BALLS attributes; each ot whicl’ had .two values as tofliows: ql) 


# 
’ 


number -- one or two" figures! (2) color -- red or. green; (3) sore - rectangie 
A 


or diamond ; (4). shading, g@olid, gut]ine;.: (5) centered: black bar -- vertical, 


horizontal ; _ (8) Bae: -- continybu,, broken (7). PoeA tions Os seca? =a ‘ 
! « . . 
horizontal, vertical. ; ig ee iS 


3 


‘y 


‘a. 
Procedure, -- The S was peepernes: with five tasks, one each under four treatment - 
conditions and undér ‘a control condition, Prior to each problem, the S 


read the instructions, He then pressed the Proceed button cand the first’, x 


stimulus appeared, Alj ‘ss received the same snstiioticin unaey @11-conditions, 


7 ‘ ‘ 


; Within each task, stimulus figures appeared one at,a time, The, 8 _Fesponded to : 


each, stitlus by pressing one of the two buttons, Ammediately folioving the 
-¢ 5 ei os : ( - 
‘button-press, ithe feedback message (Right | or Wrong) appeared tor 2 sec, A 


1 


"2 sec, intertrial interval was maintained, Each treatment vas adminibtered, ‘fs 
a) t , a3 + 2 
‘to the 8 unt il~ -he made 10 consecutive consent responses or : completed 60, trials, 


pon one of training, teat trials followed withéut interruption. The 


, 


s continued toa ‘criterion of 10: consecutive correct responses: ‘or BO Leeetes 


is o%, 


tne tést trials under each treatment seaiatéved of stimu  euibotad at. random 
from the complete set of training stimuli and.involved the same concepts as 


the training trials under that_treatment,” The entire’ experiment was controlled’ 


by ‘the computer, ; 
A ¢ k : P . 
Treatments, -- All = eae the, Avaraiox of one pair of ‘concepts 
: i , 


(e.8., rectangle’ -- Button Y ‘and diamond re Button.X) involving one relevant 
attribute and six,irrelevant attributes, There were five treatments that 
“differed in: térms of the sequence of stimuli presented during training, Two 


t 7 ‘ . ~~ ' = 
treatments (Condition Al and Condition ‘A6) involved alternating ries in 
; ‘ Lf : ; ‘ 
. which one relevant cue appeared on odd numbered training trials\ and another 


relevant cue gppeared on even numbered trials, Two other treatments , 


* (Condition Cl and-C6) involved constant séries in which the ‘same relevant 


* 
, 


—_ fy : : nn 


cu ada on all training trials, / uttder Condition Al and Condition cl, 
+7 


 eaictty one _stimulus attribute chang ed between any two adjacent trials, the 


7 relevant attudnute in the case of Al and an ‘attribute “selected at randoa at 

each Scat in’ tha_gase a2 Cl. Six stimulus attributes changed between’ any j : 
two adjacent training trials und¢r Conditions A6 and C6, the relevant attribute 

and five randomly séiected irrelevant attributes in A6 and all six irrelevant 


a ee 


‘attributes fpr C6, The contro} treatment consisted of a sequence of randomly- 


selected stimuli, The experiment was.executed according to a 5 x § x 5 repeated 


measurement design, -The fivd treatments, five relevant stimulus attributes 


and five orders of »presentay Yion were " presented according to a sét of oP Wosonns 


oak 


Greco-Latin squares, ‘The gonfiguration was a replicated vex'sion of a betes 


that Winer (1962, pp. 566-571) calls Plan 11, The buttons associated with : ) : 
: . 4 
a particular relevant cue were also counterbalanced, 


Subjects, -- The Ss were 50 undergradyate volunteers, paid $2.00 for par- 
= . , . 


ticipating. Several times, a machine failure disrupted the experiment ., 


" Subjects with whom there was a failure were discarded and replaced by others.. 


The time required for each S was about 1-1/2 hrs, . ; % . 


z. . 4 Results and Discussion ~ ; ait 5 
j . 7 2 4 
Table 1 displays the means and stgndard deviations of training errors 


and test errors, The raw Score distributions of both training and test 


errors were skewed in @ positive direction. A square root transformation , . 
: ‘ ‘ : mrt a . ; ial 
normalized the distribution of training errors, and tended to normalize the °° ep 


distributions of test errors, $ 


Zo te 


[Insert Table s about Here) 


° ma : 
The results of the analysis of variance are outlined in Table afr oe * gugone 
Table 3 summarizes tests, of significance among pairs of treatment means, fat a “a 1 
result of primary interest is the significant interagtion between type of . * . 
: series and nuliber of attributes changing from trial to trial for path ad F : 
square root of training errprs (F s 28.56, df = 1/49, P < .01) and the square - 
root of test errors ‘e = 6,20, df = 1/49, p< 05), As predicted, for *o 4G it 


aiternat;ng erica the condition in which one attribute BAAnECE wits superior. 


. 


to the condition in which six ‘attributes chenued whereas for constant series, 


ae least on training trials, the condition in euieh six. attributes changed . 
€.. 


- 


- was superior to the condition an whieh « one Sttetbute changed. 
" [Insert Table 2 about "pare] ta} : 
These - vijates confirm Anderson's (1964) findings and: lend suppor ae the 


two rules proponen by Detambel & Stolurow (1956), which can. be restated as 


s ! 
follows: Y 


Rule*s. -- When the stimulus res eee on any peit of adjacent 
vie 
trials i and j + i contain the same reteyent cue, (She rate (probability) of 
learning is maximived wien the values of each of the inpelevent sHeulis 
Z attributes change from trial £ to trial j4l.  % . ; A pet 
Rule D, >- When the stimulus configurations presented ms any pair of adjacent oo ey 


trials j and j + 1 contain aittorent: relevant cues, the ware: ’(probability) 


- of: Iberning is maximized when the values of each of the irrelevant stimulus 
» 
attributes is constant from trial j to trial id +1, : 


wae experinent and the A aieicn one (Anderson, 1964) seem to ‘indicate 
Raed anSePRReeny validity dei each of the two rules, The Detambel & Stolurow 
study showed only that a training series constructed according to both rules 
r ; ; ~ : 


was superior to a:controL ‘series, There was no way of telling whether the 
=) “ 4 = : ' 


_ Superiority of the training condition was a function of both rules or ony 
oe or the thar, oar BS das ; . 
ee [Insert Table 3 about here] 
The: results that have .been obtained are consistent’ with the rules that 


have been proposed, eet could have Secunrud because of the special, _ con- 


‘strairied nature of the siternnbine and: constant series, An S-transition is 


defined as the case when the same relevant cue appears on adjacent trials 


@. Ces ereen, green). A ‘D-transition is defined ag the case when different 


. 


relevant cues appear on , adjacent trials (e.g., green, réd), An alternating 


a 
series consisidentirely” of ae whereas a constant series is nade 


‘ ap at s- nieine ey, “at remains to be seen whether performance would be 


» facilitated by the application of the two rules to S- and D-transitions 
ine ; : = ' e . _ a 
embedded {n mfixed sertes in which the stimuli sometimes contain one relevant 


* cue and sometimes another in an irregular pattern, 


Pie was. one, unexpected result which is, perhaps, beat interpreted in 


thins of the peculiar nature of the constant series, On the test trials, 


there were fewer errors. (F = 24.96, df = 1/49, P < .01) under the. cofiditions 


f in which one attribute had changed from trial to trial during training than 


4 


under conditions in which”six attributes had changed, The ‘reason is to be 


‘ ~ : ' % es 


> 
. 


found in the surprisingly poor performance undew the.C6 condition, On the 


-  \ basis of the first experiment, one would have expected the C6 condition to “ 


\ * 
’ 


show as few test errors as the Al condition; Why were the results different? 
, : ; 


The belief is that the behavior of many Ss did not come under the control of 
as the relevant cues in the: present ORPELINOLE They learned only to press a 
certain button, The appropriate stimulus ‘control was not established, it is 
con jectubed, because under the C6 ren Ss saw only two stimuli (both of 
which contained the same relevant cue) which they learned to ignore or to 


which they adapted, Under the related condition in the first experiment, 
' ? : * 


Condition C3, just three of the four irrelevant attributes changed from trial 


to trial, It,may bé that since there was more variety, Ss tended to pay 
attention to the stimulus under this condition and behavior came under the 
' “ 


control of the relevant cues, These effects may have been exaggerated: by the 


, 


. 


fact that there were only six training trials in the first\experiment, whereas 
. : ‘ ‘ 
there was a training criterion in the present study. 
' : e 
A’ subsidiary analysis of variance that took the fgrm of a replicated 


v 


version of Winer's (1962, pp. 566-571) Plan 11 showed significant differences 


‘in the square root of training errors (F = 2,16, df =-8/104, P < :05) and the 


f 


square root of test errors (F =.6,52, df = 8/104, P < .01) as a, function, of 
which attribute was relevant, An a posteriori test indicated that the 


differences were largely due to the difficulty of the attribute "position of 


- > 


figure", Of interest, sincé this was a repeated measurements design, is the 


fact that the main effect of order of presentation of the treatments was 


* a 
: ’ “ ° 
¥ 


11 oe 


‘ A - i oe 


20 


nonsignificant for both training’ trials (F = 1,08, df = 8/104) ‘and test 


e 


trials (F = .35, df = 8/104), Apparent interactions between treatment and 
order, and treatment and attribute did appear, Inspection of the data 


indicated that these interactions were spurious, ,introduced, when the separate 


' 


sums of squares for the two replications were combined, For these interaction 


“@ 
sums of squares, the assumption of additivity was viqlated, 


This experiment lends ‘Littie support to the notion that grouping together 
runmctations st the same relevant cue facilitates performance, It is true 
that significantly fewer errors (F = 4,65, df al 1/49, P< .05) were made under 
constant dapat cebartions, but this result should be discounted since it 
seu likely that under the C6 condition many Ss failed to learn to respond 
under discriminative stimulus control, In eny event, there was no difference 
peeves constant and alternating series on the test trigls (F = 1,33, df = 1/49), 


ee q » 
Considering the results of this experiment and the previous one (Anderson, 


1964), in which the alternating ee outperformed the constant series 
during training, the belief that grouping together instances of each concept ; 
promotes learning is ‘open to serious question, What these studies show is 

that the effects of alternating and Scivtant series are conditional upon 


the number of stimulus attributes that change from trial to. trial, 


~s 


(~ 
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Table 1 


Means and SDs of Training Errors and Test Errors 


4 


Measure 
a oi 
Training efrors Test errors 
Condition M SD M sD 
Al “1.28 .60 .74 1,18 
A6 2.27 1.50 2.75 2,25 
cl 1,77 83 75 1,98" 
'c6 * 1.28 44 45 2,86 
Control 3.10 1.80 F ---- ---- 
W< " @ ° 
* square root of errors, 
‘ 
y ‘ 43 
re j 
a 
— ' | 
a . 
{ [ae 
~~” i ; . 
¢ . 
‘ L ‘ . ‘ ry 
‘ . 


r 


Table 2 


Analysis of Pies of Training Errors and Test Errors® 


ee a re 
Training errors” . Test errors” 

: Source - | : MS F 
=f : 


. Type of serigs (T) 6.09 1.33 


Number ot attributes ; 
changing (N) 91.98 


_ Bubjects (8) 4.25 
TXN / 21,28 
TX5 a6 

3.69 


3,43 


*p < .05 


. 


P< .01 


“The control condition was not included in these analyses, 


‘ . ; 
square root of errors, 


Table 3 


‘ : Summary of Tukey Gap Tests Among Pairs of Treatment Means 


1 


i 


ee A, 


Rank order of 


treatment mean’ . * Training errors” Test errors” 
¢ / me ee ee ‘ 
“¥ ; me a ; ‘. 
1 ¥ Al oo Al 
cs 8 * 766 ci * : 
. 3 j cl ' ¢6 
@° r ° . 7 
4 | Aé 
< ? ’ 
5 : Control ‘ ; Control° ‘ 
- me 
Note; -- The means of treatments connected by a common ‘i 
line do not differ significantly, All other mean# are : 
~~ significantly different at the ,01 level, ‘ = 
whys a ag ; . : . 
a ; “The treatment with the lowest mean is listed first,” é: 
Square root of errors, -: as 
se , 4 how 5. . 
2 “test trials were not included in “the control condition, 


This is the same’ data as was analysed under training errors, 
. \ 


